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Introduction

It was previously shown by Pfeifferl at the Ames Laboratory, and
again in this laboratory,z that when the body ﬁovement of rats wés
severely restricted growth was impaired. Our previous studieé under this
contract on the absérption of sodium, chloride, calcium and water did not
indicate that chronic restraint adversely affected that function. That
does not, however, indicate that all functions under conditions of restraint
are normal, only that the intestine is canable of absorbing nutrients .
preseénted to it, There might still be a defect induced in the function 1
responsible for making nutrients available to the absorbing surface of
the small intestine which could explain the effect of restraint on growth.
Those functions responsible for that process, gastric emptying and intestine
notility were evaluated in the present studie§ élong with the effect of
dietary alterations on those functions,

Since space travelers may also be exnosed to radiation of varying

intensities and doses, and since it is already known that acute irradiation

of the vhole body, the abdomen or the head results in a delay in gastric
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emptying after as small a dose as 25 R,? the effect of both chronic
irradiation and restraint upon intestinal function should be determined,
- particularly khen it is realiﬁed that such exposurés may be encountered
over a period of days rathér than in a single acute exposu}e.
Experiments were performed such that the effect of restraint upon

body weight and upon gastroinfeStinal function (i;e., gastric emptying
time and/or intestinal movement) could be studied.\_Restrained and non-
restraiged rats were placed on a normal diet, a high-fat content diet, or
a low-fat content diet from the beginning of restraint until the animal
was sacrificed in order to observe conséquent effects, Additionzal
restrained and non-restrained rats on a normal diet were subjected to
continuous 60Co exposure totaling either ~50 R/day (*5%) or mSOOYR/day (~5%)
fron the beginning of restraint until.the time‘éf sacrifice.

 The animals used in this experiment were nmale Charles River strain
CD rats. All rats were held in isolation quarters for 2 weeks after receipt
to determine the presence of any disease before being placed in stock or
experimental animal rooms. The rats were then caged individually for
at least 1 to 2 weeks prior to being placed on experiment. Restraint
cages were of the same design as those used by-Pfeiffer1 and the procedures
enployed have been réported previouslyz. At all times and in all series
of experiments the non-restraining rat cages were alternated with the
restraint cages. Water was permitted ad‘libitum; food was permitted

ad libitum except when indicated otherwise.



3. . .:’
All rat§ were weighed daily, including week-ends, The space in
the restraining cage was corrected daily, if nécessary, according to the
weight of the‘animal. Pertinent clinical parameters were noted, and food
and Water were changed daily.
~ Three sets of experiments were undertaken:

1. Influence of chronic restraint upon gastrointestinal function

féestrained and non-restrained rats were caged individually for
periods of time varying from 1 to 31 days as shown in Table I. Restraint
was commenced in the morning, with pellets of normal rat diet? permitted
ad libitum until the evening prior to the laét morning of restraint, at
which time 211 food was removed from the animals., They were fasted
overnight>in an attempt to insure‘relatively uniform conditions in the
gastrointestinal tract. '

On the morning of the function test the rats were allowed food
ad libitum from 30 min prior to the intragastric adminiétration of 0.5 nl
of 106Ru chloride and throughout the remainder of the experiment. (IOGRu
is a non-absorbed beta-emitting isotope of 0.04 MeV maximum energy.) The
characteristics and the metabolism of 106Ru chlbride have been-investigated
and}published.4’s One ml of HZO was used to flush the stomach tube before
the animals were returned to their cages. Restrained and non-restrained
animals were sacrificed at sequential intervals following administration
of the isotope.

Rats'wgre killed by decapitation at the intervals indicated in Table I.

The entire gastrointestinal tract was carefully removed from each animal,

#Normal Rat Diet: Baked D§G Research Animal Laboratory Diet for Rats and
Mice., The Price-Wilhoite Co., Frederick, Md. '
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placed on wax paper and frozen, thereby'ﬁreventing translocation of luminal
.contehts and preserving the tissue for later use., At a later time each
gut was placed upon a sheet of Kodak No-Screen Readi-Pak X-ray film for
autoradiography. These exposures varied in time from 90 to 960 min, depending
upon fhe posfadministration time interval prior to sacrifiée.v
Subsequently, each gut was divided into at least 10 sections for
determination of the isotope content., The small intestine was divided
into fouf equal lehgths, and the large intestine Qas divided into two-
segments of equal length. Both the stomach and the cecum were divided
into at least two sectioné each; however, counts were combined such that
single totals were obtained for the stomach and for the cecum. Cross-
contamination of the'sectioning process was miqimized by using a_cléan
razor blade for each cut. Sections were plaéed in individual counting
tubes and the 106Ru content determined by direct count using a 3"
sodium iodide thallium-activated crystal well-counter shielded by lead.
The amount of radioactivity in each segment of the gut was compared
to the total quéntity injected and a percentage was obtained; the total
percentage of isotope retained in the entire gastrointestinal tract was
also calculated,

2. Influence of altered diet--either low-fat content or high-fat content--
on gastrointestinal function of restrained and of non-restrained rats

Rats were treated as indicated previously except that at the time at
which rats were placed on experiment (in either restraint or in non-

~restraint cages) their diet was changed from that of normal rat food
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pellets (5% fat) to either a low-fat’content dieta(O% fat) or a high-fat
content dietb (45,5% fat)., The low-fat content diet was in a pelleted form
and therefore presented no unique pfoblems in feeding. The high-fat
content diet, however, éould not be gi&en in peliet fofm because the high
quantity of fat in the diet resulted in a slurry which, upon standing,
separated into sélid material and oillt This food was therefore thoroughly
mixed daily prior to feeding the rats,
| Because of this the restraint cages had to be'modified slightly,
Insteadrof being able to placé the food directly in the cage, as in the
case of the pelleted normal diet. and the low-fat content diet, or in a
small container %ithin the cage,’as in the case of the non-restrained
rats on a high-fat content diet, é'métal bin was constructed such that it
could bé placed on the side of the restraint cage, permitting the rat to
reach the food with his head, but essentially retaining the same physical
dimensions as thc.other.restraint cages., |

-Restrained énd non-restrained rats were maintained on these diets
for periods of time comparabie to those rats on é normal diet (see Table‘I)
and were sacrificed at the postadministration times indicated. Administration

of 106

Ru, sacrifice of the rat.and analysis of its gastrointestinal tract
were identical to that indicated above. | -

The diets were comparable with respect to the protein, vitamin and salt
content, The high-fat aiet éontained less carbohydrate than did the normal

diet (29% vs. 51%), and the low-fat diet contained increased quantities

of both carbohydrate (58.5% vs. 51%) and cellulose (16.5% vs. 4.5%).

dnpat Free" Test Diet, Nutritional Biochemicals Corp., Cleveland, Ohio
b"High Fat'* Test Diet, Nutritional Biochemicals Corp., Cleveland, Ohio
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3. .Influence of continuous irradiation on the gastrointestinal function of
restrained and non-restrained rats.

Rats were placed in restraint and control cages which were positioned
around a 60Co source énd expdsed to either 0 R, 50 R or 300 R/day continuous
60Co exposure for various periods of time as indicated in Table I. Dosimetry
measurements were based upon Victéreén R-chamber readings and upon lithium
flouride capsules which were calibrated against the R-chambers. Lithium
flouride capsules were implanted subcutaneously under the abdominal skin
in a number of animals in order to verify that the dose actually received
was comparable to that measured in air. The rats were irradiated for 23 hr
daily, with the source being lowered for one hour for animal care and
weighing. Because of physical limitations (the size of the GQCO exposure
room, the need for using different sources for the two dosé levels, the
size of the cages and racks in relationship to the dose distribution in the
expésureiroom, etc,) the number of animals which could be nlaced on
experiment at any~one time ﬁas necessarily restricted. Croups of animals
therefore had to be exposed separately at different times..

At the conclusion of the exposure neriod, the restrained and the non-
restrained rats were injected intréduodenally with 106Ru chloride to avoid
the complications due to possible gastric retention at these dose levels.
Two or three sutures and a skin clip were usually adeauate to close the
mid-line incisicn. A restrained and a non-restrained rat were sacrificed
at various intervals after injection (Table I}, and the GI tract was treated

as previously indicated.
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Intestinal Flora: Influénce of Restraint

Counts of coliform bacteria were made on jejunal and ileal segments
of the intestine of rats as reported by !Mahony, et a1.7 Both restrained
and non—restrained animals were killed either 7 days or 21 days after being
placed on restraint while on a normal diet and after 21 days of restraint
while on a high-fat content diet. After sacrifice the intestine.was
divided into three equal segments with the upper and lower segments being
utilized for bacterial counts, Using sterile technique, the longitudinally
opened intestine and its contents were placed in a 10 cc, sterile saline
bottle and agitated for at least 20 min in a constant temperature water bath
shaker after which four serial dilutions of the lumen content were made, each
dilution being that of 100 to 1, One cc., from each dilution was then placed
into a Petri dish to which was added abéut'ZO cc, of McConkey's medium,
Contents were well-mixed and were permitted to stand overnight in a
temperature controlled incubator before being counted the following day,
Results

The daily weight was compared to the-pre-exposure weight, and an
increase (>100%) or decrease (<100%) of weight was calculated for each
animal for each day. A mean percentage value wés then obtained using values
from all animais on experiment during a given dayv of restraint. These data
are plcftcd in Fig. 1 for the animals on a normal diet, a low-fat content
diet, or a high-fat content diet; and in Fig. 3 for the animals on a normal
diet which were sham-irradiated or exposed to 50 R or 300 R/day. The
number of rats available for such a mean determination decreased with
increased time because animals were removed periodically for isotope

administration and sacrifice, It should be noted that the weight of animals
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obtained on their final morning of restraint (just prior to isotope
administration) wés not included in the data because they had been fasted
during the previousknight.

The differences between the mean percéntage-values were tested for
statistical significance by analySis of variance (F test). This procedure
is analogous to a two-tailed t-test (i.e., YF = t). Siﬁce each individual
statistical test was not independént (i.e., data from all animals was
pooled at each day) animals sacrificed at specific intervals were tested separately
(Mann;Whitney ngn test).6 These results wére in agreement with those shown
in Tables II-V;

The percentage weight changes between the restrained and the non-
restrained rats on a:regulér aiet (Fig. 1 and Table I') were statistically
significant up to and including the twenty-third day of restraint. The
non-significance of the difference between thé two groups of animals there-
after was due mainly to the large standard error in the non-restrained
animals caused primarily by one rat which did not gain weight as rapidly
as didrthe remaining rats inrthat group (as indicated by the comparatively
large standard error at these times).

The mean percentage weight gain or loss between groups of restrained
and of non-restrained rats fed a low-fat content diet consistently was
significantly éifferent at all except intermittant time intervals.

Restrained and non-restrained rats on a high—fat content diet showed
a statistically significant difference in weight changes at all times

throughout the expefiment.
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The mean peréentage difference between the weight changes of restrained
and non-restrained rats on a normal diet, and_on a low-or a high-fat content
diet are shown in Fig. 2, While a statistical comparison of these values
was not possible, it can readily be noted that there was little difference
in the mean percentage differences between thé animals on a normal diet and
those on a low-fat diet, and that there was a considerably greater différence
in the mean percentage differences between those animals on a high-fat
content diet and those on either of the other two diets. The standard error
of the difference between the means was included at 5-day intervals,

At all intervals the mean percentage increase in weight of non-restraﬁned
aninals on a low-fat content diet was less than that of the non-restrained
rats on a normal diet, whereas the non-restrained animals on a high-fat
content dict showed a percentage weight increase comparable to the non-
restrained animals on a regular diet., The restrained rats showed the
greatest mean percentage incréase in weight while on a regular diet,
the‘iestrained~rats on a high-fat content diet consistantly showed a weight
which was less than their initial weight (<100%), and the restrained rats on
a loﬁ-fat content diet showed weight changes interméliate between these two
patterns: a decrease in weight until about the twelfth day, after which
time there was generally an increase in Qeighf above the initial weight,

. although at no time did this increase anproach the weight increases shown by
the corresponding non-restrained rats.

It is of intereét to note the relative increases or changes in weight
of the vaiious grodps. The decreasing order of relative weight gain is

shown in Table VI,

|
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TABLE VI

RELATIVE WEIGHT GAIN AS A TU\CTIOP OF DIET AND BODY NOVE“EVT
~ (Decreasing Order)

Diet ~ Body Movement
High fat or normal Non-restrained
Normal / Restrained
Low fat . Non-restrained
Low fat Restrained
‘High fat | - Restraiﬁed

’ The daily weights of restrained and non-restrained rats placed in the
60Co roon and exposed to 0 R, ~50 R or 300 R/day are shown in Fig. 3.

as a percentage of their initial weight., There was little difference in
weight changes during days 1-9 between the 0 R control rats and the rats
exposed to 50 R/day. Not until day 9 did the non-restrained rats receiving
50 R/day begin to differ from the non-restrained sham-irradiated rats.
Similarly, it was not until day 8 that the restrained rats receiving 50 R/day
differed from the restrained sham-irradiated rats. In both the 0 R and

- 50 R/day groups the weight of the restrained rats as a percentage of

their initial weight was significantly different from the same pafameter in
thg respective control groups on almost all days. The animals receiving
300 R/day consistently lost greater amounts of weight than did either of
the other two grouns., There was no significant difference between the

response of the restrained and the non-restrained rats at this dosage level.
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The difference in mean percentage weight gains betweén restrained and’
non-restrained rats in each ofrthe three dosage groups i; presented in
Fig. 4. Except for the first day of restraint or non-restraint the
difference in the mean pefcentage weight gains between the restrained
and the non-restraint rats receiving either 0 R/day or 50 R/day was quite
similar. Exposure tb 300 R/déy, however, tended to reduce the difference
in mean percentage weight‘changes between the restrained anqvnon-restrained
rats.

| The distribution and relative quéntity of 106Ru in various portions
of the gastrointestinal tract were compared and evaluated accordiﬁg to
. several criteria. Comparison was made of the total quantity of isotope
remaining in the gastrointestinal tract of restrained and of non-restrained
rats sacrificed at identical intervals following administration of the
isotope. Data from festrained and non-restrained animals on either a
normal diet, a high-fat diet, or a low-fat diet, are shown in Table VII;
data from irradiated animals are shown in Table VIIT.

Low values were encountered occésionally amongst both restrained and
non-restrained groups of animals, bﬁt there was no consistent pattern to then,
and they may be attributed either to a faulty injection technique, or in
some cases to the fact that the animal had defecated shortly before being
sacrificed,

There does not appear to be any significant difference between the

restrained and the non-restrained groups of animals in the amount of isotope
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‘retained in the animéls after various time intervals following isotope
administration regardless of the particular diet regimen. Similarly there
does not appear to be any prpgrgssive or consistent change-as the length of
the restraint period was increased. Further there appears to be no
significant difference between either the resfrained or the non-rgstrained
animals on the various diets.

Animals receiving 0, 50 or 300 R/day likewise show no obvious or copsistent
differences, either between restrained or non-restrained animals at a given
dosage level, or between restrained animals at different dosage levels, or
between non~restrained animals at different dosage levels, There likewise
" appears to be no difference between the restrained and the non-restrained
rats either with increasing time after injection’Of the isotope or with
increasing periods of restraint and exposure to continuous 60C0‘irradiation.
: Experiments were not carried out beyond the Q-day exposure period because
the majority of the animals receiving 300 R/day died on the tenth and
eleventh day of exposure.

The quantity of isotope>retained in stomachs in those groups of animals
which were given the isotope via a stomach tﬁbe is an indication of a function
which may be affected. This data, presented in Table IX, shows thét animals
either on a high-fat content diet or a lbw-fai content diet usually
retained a substantial portion of the contents within the stomach for a
longer period of time than did those animals on a normal diet. This was

true both for restrained and for non-restrained animals. For example, at
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6 hr after injection following 3 days of restraint, restrained -and non-
restrained animals on a normal diet had 2% and 0% of the isotope, respectively,
remaining in their stomachs, whereas the restrained and non-restrained
animals on a low-fat content diet retained 38% and 32%, respectively, and
the animals on a high-fat content diet retained 22% and 47%, respectively.
This obéervaéion was most noticeable beyond the 2-hr sacrifice peridd
following the isotope administration,

There did not appear to be any significant or consistent difference
in the amount of isotope retained in the stomach when comparing restrained
and non-restrained animals on a normal diet, Although there are a number of
striking exceptions, the non-restrained animals generally retained an
amount approximatelyiequal to, or greater fhan, the restrained animals
for the same time period. Nevertheless,-considering the days of restraint;
the time of sacrifice after administration of the isotope, and the distribution
of those comparisons in which there was a lgrge difference, there did not
appeér to be any pattern from which one éould generalize with respect to
the effect of restraint upon gastric retention.

On the cther hand, the non-restrained aniﬁals on-the log-fat content
diet almost uniformly showed a greater gastric retention at all times after
isotope administration than did the restrained anirmals on a low-fat content
diet, with the exception of those an?mals restrained for a period of 31 déys»
and/oy those aninals sacrificed 0.5 hr after isotope administration. Although

there are a few exceptions to this generalization, these exceptions between
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the restrained and ﬁon-restrained anirnals are, for the most part, small in
magnitude and within the range of experimental error.

Those animals on a high-fat content diet even more clearly demonstrated
that the non-restrained rats retained a higher percentage of the administered
isotope in the stomach than did the restrained rats.q There was one
consistent exception to this statement: after 5 days of restraint on a
high-fat diet, the restrained aniﬁals showed a greater retention than did
the non-restrained animals. After all other periods of restraint, and
at all time intervals following isotope administration, with the single
exception of the 1/2-hour sacrifige period after 18 days restraint, the
non-restrained rats showed an increased retention of the isotope compared
to the retention exhibited by.the restrained animéls.

Comparisons utilizing this data show that, in addition to the generalized
statement previously made with respect to the retention of the isotope
between restrained and non-restrained animals on a high-fat or a low~fat
diet as‘compared to those animals on a normal diet, it can also be sfated~
that the non-restrained animals on a high-fat contenf diet exhibited
greatér gastric retention after 1 and 3 days on experiment than did
corresponding groups of non-restrained animals on a low-fat content regimen.
iAfter 5 days of restraint the non-restrained animals on a low-fat diet showed
greater gastric retention than did the’animals on a low-fat diet., After
longer periods of restraint there was no obvious difference in the gastric

retention of non=restrained animals.
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The comparable situation with respect to the restrained animals did ndt
follow the same patterns. The restrained aﬁimals on a low-fat content diet
exhibited comparable or greater isotope gastric retention than did the
restrained aninals on a high-fat content diet., There were only two or three
significant deviations from this statement, namely the values indicated on
day 1 at 0.5 hr and 2 hr following isotope administration and at 2 hr
following administration after 3 days of restraint,

The eight sections of the gastrointestinal tract were examined for
the distribution of the isotope down the length of the gut at.sequential
intervals following administration of the isotope after various periods
of restraint., Comparisons were ﬁade between restrained and non-restrained
animals on the various diets tTablé IX) and after various doses of
irradiation (Table X) and among restrained animals under the several
experimental éonditionsvand among non-restiained aninals under the several
experimentél conditions. Analyses of the data indicate that there was
little difference between restrained and non-restrained animals on a normal -
diet with respect to the distribution of the 106Ru in the gastrointestinal
tract regardless of the hours elapsed since the time of administration of
the isotope.or of the length of restraint prior to adminisfration of the
isotope., Although differences were noted between restrained and non-
restrained animals at .specific time intervals after administration of the
isotope, hotablyAat 0.5 hr and at 2 hr follo&ing administration, there did
not appear fo be any consistent pattern in these deviations; at times

the restrained animals showed more rapid movement of the isotope while at
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other fimes the non-restrained animals showed more rapid movement of the
isotope. The largest and most consistent differenée between restrained
and non-restrained animals was seen at 9 days after restraint and at
0.5 hr and 2 hr after isotope administration. It should bg noted that
in most cases there was comparatively little isotope in thé‘first segment
of the small iniestine 0.5 hr after intragastric adninistration of the
isotope, the majority of the isotope being either in the stomach or
in the second or third segments of the small intestine. At 2 hr the animals
on a normal diet exhibit their greatest isotope concentration in either the
third or fourth segment of the small intestine., Beyond 2 hr the»isotoPe
remained mafniy in the cecum of the animals, with generally little
difference between restrained and non-restrained animals,

Comparison of isotope distribution in the gut of restrained and non-
restrained animals on a high-fat content diet often showed that the isotope
moved down the gastrointestinal tract more rapidly in the restrained
animals than in the non-restrained animals, particularly on days 1, 6 and
9, and to a lesser extent on day 18. VThis was also noted at the 0.5 hr
time period after injection on day 3., Animals sacrificed after 5 days of
restraint did not show or exhibit this effect.

It should also be notedvthat, similér to the animals on thé normal
diet, 0.5 hr after administration the majority of the isotope was located
‘either in the sfomach or in. the second or third segment of the small
intestine; whereas, at 2 hr the majority of the isotope, asid¢ from stomach
content, was found almost exclusively in the fourth segment of the small

intestine in the animals on a high-fat content diet.
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The restrained and non-restrained animals on a low-fat content diet
did not exhibit consistent differences with respect to movement of the
isotope down the intestine during the first half-hour following injection
of the isotope. As with the other two diets, the majority of the isotope
in the intestine was found in the second and third, and in'some cases, fourth,
segment of the smali intestine,

Two hr after isotope administration both the restrained and non-
restrained animals on'a low-fat diet showed that a considerable percentage
of the isotope was regularly located not only in the fourth segment of
the small intestine, but also in the cecum of the animal. This is in
contrast to the animals on the other two diets; seldom were significant
percentages of the isotope seen in this segment that early in any of the
animals on either a normal or high-fat content diet. Furthermore, it
was not unusual to detect significant quanfities of the isotope in the
first segment of the large intestine at this time in restrained low-fat
animéls. Beyond this time, however, no appreciable difference was noted
between the passage times of restrained and non-restrained animals on the
low-fat content’diet or between animals on this diet and those on other
diet regimens.

The passage of intestinal contents of animals exposed to either 50 R/day
or 300 R/day 60Co irradiafion was nof obviously different than that of sham-

~irradiated animals (Table X). A comparison of restrained with non-restrained
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animals at each radiation dosage level, of restrained animals with each other
at all dosage'levels, or of non-restrained animals with each other at all
dosage levels failed to show any conéistent differences that could be
attributed either to experimental treatment or to duration of restraint
or non-restraint and concomitant exposure or to time of Séérifice after
isotope administration; |

Coliform Counts

The results of tﬁe bacterial counts on the intestinal flbra are shown
in Table XI. In all cases, as expected, the coliform counfs contained in
the jejunal segment were less than counts observed in the ileal segment,
Except for one of four animals, the jejunalycounts in all éf high-fat
content animals, both restrained and non-restrained, was considerably less
than in those animals which were onia normal diet., There was no difference
between the ileal counts of animals on a high-fat content diet and those
on a sto;k diet, Neither was there any difference between the ileal colifornm
counfs of restrained and non-restrained animals regardless of the fat content
in the diet, |

Behavioral Tests

Additionally, there were no behavioral differences noted between the
behavior of the restrained rats and the Eehavior of the non-restrained fats
when the animals were on (15 a normal diet, (2) ailow-fat content diet, or
(3) when they were exposed to radiation, It was, however, obvious that
restraint did affect the behavior of animals placed on a high-fat content

diet, but not that of non-restrained rats. Restrained animals becane
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extremely aggressive during the first 5 to 6 days they were on reétraint,
after which time they become somewhat more docile, reverting to near
normal behavior. This finding was extremely consistent, leading us to
test the response of a number of animals by subjecting them to an audiogenic
stress, Previous work in this laboratory has indicated that this is a useful
parameter for measuring neurological stress.8 Animals on either a normal
diet or high-fat content diet were subjected to restraint or to non-restraint
conditions fof a period of either 6 or 9 days. At the end‘of this time
period, each animal was subjected to an audidgenic stress for a period of
2 min, Thié stress consisted of placing each animal into a 1 cubic foot
black box containing a fire alarm bell which, when activated, produced a
minimum sound level of 125 decibels inside the box. None of the animals so
tested, rggardless of restraint or diet, exhibited a reaction to. the
audiogenic stress.
Discussion |

‘The results of these experiments indicate that restraihed animals,
regardless of whether they are on a normal diet, a low-fat content diet,
or a high-fat content diet, experience a retafdation of growth in comparison
to the_respective non-restrained animals, Although animals on a low-fat
content diet did not gain weight as rapidly as-did the respective animals
on a normal diet, the retardation in growth between restrained and non-
restrained animals in each diet was approximately equivalent. Animals
given a high-fat content diet exhibited a much wider divergence of growth-
~ rate between restrained and non-restrained than those maintained on the

low-fat or stock diets.

]
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Although caution must be exercised in attributing differences betwéen
or among either restrained or non-restrained rats on the different diets
solely to fat'content, several observ;tions can be made., The non-rgstrained
high-fat animals gained weight as rapidly as did the nonQrestrained animals
on a regular diet., However, the restrained animals on a high-fat content
dief not only did not gain weight but more geﬁerally lost weight; this
was the only groun to do S0, Although it is tempfing té speculate on;the
importance of such an observation, it should be pointed out that the container
of food was placed in a different position than that used in the other groups
because of the food consistency. Although this may account for some
difference in eating habifs, these animals did not eat less (in either
quantity or freéuency) than the other groups cof animals.

There was no difference between the growth rate of the non-restrained
sham-irradiated animélé and that of the non-re§trained animals which
received 50 R/day. Neithérvwas there a difference in growth-rate Between
- restrained sham-irradiated and the restrained irradiated (50 R/day) animals.
In both the sham-irradiated énimals and 50 R/day.animals the growth-rate
of the restrained animals was someﬁhat less than was the growth-rate Of
the non-restrained aninals. As the daily radiation dose wés increased,
however, the difference between the weights of non-restrained aniﬁals
and the restrained animals decreased such that at 300 R/day fhere was
essentially no difference between the ndn-festrained and the restrained

animals in the growth-rate or weight loss. Thus, the higher
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dose of radiation appeared to overcome any difference in weight whiéh might
have been due to the effect of restraint. That portion of the data which
can be compared to the results obtained by Pfeifferl or Sullivanz (the
daiiy weights of restrained and non-restrained animalé on normal diet)
indicate that our results are comparable to those previously obtained.

The total radioactivity retained in the gastroinﬁestinal traét did
not appear to be increased or decfeased by restraint, This was generally
true regardless of the.diet or the radiation dose or to the.length of
restraint and/or irradiation or to the postinjectioﬁ time period.

It is interesting to note that animals on either a low-fat content diet
or a high-fat content diet secemed to experience some degree of gastric
retention when compafed to animals on a normal diet. Castric retention
observed in the altered diets was generally more prevalent in the nbﬁ-
restrained animals than it was in the restrained animals.l This is no doubt
responsible for the observation thaﬁ among the animals on the high-fat
content diet the stomach contents of the restrained animals usuaily
traversed the intestine slightly faster than did the contents in the
non-restrained animals. This oﬁservation'was often noted also among the
animals on a low-faﬁ diet..

It should be pointed out, furthermore, that among the animals on a low-
fat diet, almost without exception, the restrained animals indicated that
‘a significant percentage of the injected isétope, ané hence of the stomach
contents, had traversed the intestine to the cecum and/or the first segﬁent

of the large intestine within 2 hr after administration of the isotope.
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Radioactivity was usually present in the cecun of non-restrained aninals
at that time also. The isotope had uéually not traversed the length of
the intestine and the cecum in either the restrained or theIHOn-restrained
animals that were fed either a normal diet or on a high-fét content diet
within that time, |

It is interesting to speculate about the weight increase of restrained
animals on the high-fat content diet, From their unusual and aggressive
behavior, which was not unlike previous observations with hypertensive rats,
it is possible that the metabolic rate in these animals was increased to
the point where, althbugh they were eating a normal quantity of food (except
for the first day of restraint), they were just as rapidly or even nore
rapidly dissipating the benefits thereof. The passage of the gut contents
down the length of the gut in these animals, although perhaps slighfly
more rapid in some cases than in the non-restrained high-fat content animals,
does not appear to justify any thoughts that the ingested food waslbeing
excreted any more rapidly than would normally be the case. Analysis of

-

exhaled air for CO2 content ﬁight give some indication as to whether or
not these animals had a normal or an increased metabolic rate.

Previously publishéd studies have shown that rats do experience a
gastric retention after low dqses (50 R) of radiation. Gastric retention
was not measured, howeyer, in these irradiated and sham~irradiated animals
because of our method of isotope injection.

Although it has been shown9 that upon exposure to 200 to 600 R of acute

radiation there is an almost instantaneous increasse in tone and motility in
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rat small intéstine, the increase in activity rapidly returns to normal.
If this increase in the intestinal mo%ilitybwas preseﬁt in the irradiated
' animals in these experiments, it did not manifest itself by a conseqﬁent
increased rate of passage of the intestinal contents, Tﬁe present data
suggests that exposure to continuous éQCo irradiation does not substantially
aiter the movement of the isotope through the intestinal tract in either
restrained or non-restrained animals.« Similarly there was no observable
or consistent differeﬁce between thé passage of gastrointestinal contents
in restrained or noﬁ-reétraineé animals whether they were sham-irradiated,
exposed to 50 R/day or exposed to 300 R/day. It should also be pointed
out that with intraduodenal injection some of the isotope occasionally
entered the stomach, This ambunt was, however, usually less than 10%
of the injécted dose. It may be fortuitous that almost all of the animals
in which more than 10% of fhe injected isotépe entered the stomach were
animals which had been exposed to 300 R/day of continucus irradiation for
a period of at least 3 days prior to injection of the isotope.

Although every attempt ﬁas made to keep the injected dose of isotope
for any single group of animals constant, it was quite possible that minor
variations in isotope quantity occurred, Since the specific activity of
the isotope was extremely high in order to minimize the volume injected,
small volume differences in the volume administered could account for
substantial variations in retention,

The gross autoradiograrhs prepared in these studies showed no difference

- between restrained and non-restrained animals in either the concentration
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or the location of the isotope with. respect to various times of sacrifice,

periods of restraint and diet comparisons and/or exposure rates. This was

born out by the comparatively small differences observed in the counting

rates of the various gastrointestinal segments,

Conclusions

It can be concluded from these experiments that:

(1)

(2)

(3)

(4)

(5

(6)

Restraint depresses growth rate when animals are on a normal
diet, | |

That animals on é low-fat content dict have a reduced growth-
rate when compared to animals on a normal diet and that
superimposing restraint upon this particular diet reduced

the growth-rate even further,

Nén-restraiued animals on a high—fat content diet have a normal
growth-rate whereas restrained animals on a high-fat content
diet ﬁave a low; or even negative, growth-rate,
Sham-irradiated restrained animals have a slightly greater
weight loss than dd sham-irradiated non-restrained animals.
Exposure to a continuous radiation dose of 50 R/day results
in weights almost identical t§ the animals indicated in (4).
Increasing that radiationrdose to 300 R/day eliminates any
weight difference that may occur between restrained and non-
restrained animals such that both groups of animals lose

weight more rapidly than any of the previously mentioned grouns.
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(8)

(9)

(10)

(11)

(12)
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There was little or no difference between the passage times
of intestinai contents of restrained and non-restrained
animals fed a stock diet.
Both restrained and non-restrained animals on either a low-
fat or high-fat content diet exhibited more gastric retention
than animals on a stock diet and that within these groups
the'non-restrained animals seemed to exhibit this more
often than did the restrained animals.
Movement of the gastric contents through the intestinal tract
in the restrained high-fat animals was usually a little
faster than in the non-restrained animals,
Passage time in the restrained animals on a low-fat content
diet was slightly faster than that of the non-restrained
animals on a low-fat content diet, both of which were

considerably more ranid at 2 hr after isotope administration

than were those animals on a stock or a high-fat diet,

The restrained and the non-restrained animals which were either
sham-irradiated or coﬁtinuously exposed to 50 R/day or 300 R/day
60Co irradiation showed little difference in the movement of the
intestinal contents,

Although the restrained animals on a high-fat content diet
exhibited an aggressivefbehavior similar to a hypertensive
state, neither they nor any of the other groups of animals

so tested showed any response to a neurological stréss such

as an audiogenic insult,
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(13) There was little change in bacterial count of the in£estinal
segﬁents examined with resPéct'to restraint or non-restraint,
or iength of time of restraint, or between the two diets

tested,
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TABLE VII

TOTAL PERCENTAGE OF ISOTOPE REMAINING IN RESTRAINED AND NON-RESTRAINED RATS ON
VARIQUS DIETS AFTER VARYING PERIODS OF RESTRAINT AND ISOTOPE ADMINISTRATION

Hours Normal Diet Low-Fat Diet High-Fat Diet
Day Post-Adn.,  Rest, Non-Rest, Rest., Non-Rest, Rest, Non-Rest,
1 0.5 106 112 89 97 99 104
1 - 87 112 85’ 108
2 113 08 111 99 |
4 97 106 ‘ 96 90
6 104 106 107 . 95
8 80 88
14 85 48
24 16 25
2 0.5 115 91
2 54 - 105
6 107 107
14 76 67
24 27 ND
3 0.5 109 112 105 98 96 93
1 106 107 93 55
2 99 97 94 99 100 105
4 106 100 94 100
6 103 91 100 109 92 99
8 44 67
9 102 93
12 70 39
14 32 41
24 11 28

ND = No Data



Hours

Normal Diet

TABLE VII

(Continued)

Low-Fat Diet

High-Fat Diet

Day Post-Adm. - Rest. Non-Rest. Rest, Non-Rest. Rest. Non-Pest.
4 0.5 108 101
2 107 107
6 99 102
14 52 59
24 7 39
5 0.5 75 105 103 121 105 104
1 107 105 97 102 90 107
2 102 103 109 104 110 92
4 103 102 112 99 112 08
6 107 112 105 103 78 106
8 91 89 30 45 97 92
6 0.5 105 109 106 106
101 107 56 103
6 93 103 100 97
14 59 78 .
24 44 31
9 0.5 108 113 104 100 113 85
93 118 96 103 101 107
6 102 102 74 85 101 99
14 57 54
24 12 24



TABLE VII

(Continued)
Normal Diet Low-Fat DNiet High-Fat Diet
Hours : : .
Day Dost-Adn, Rest, Nen-Pest, Rest, Non-Rest, Rest. ‘Non-Rest,
13 - 0.5 - 116 100
2 100 113
6 103 108
14 - 63 69
24 27 21
18 0.5 103 94 ‘ 113 100 101 94
2 102 96 59 116 95 100
6 93 104 94 74 88 95
14 58 66
24 13 13
24 0.5 107 109
2 110 91
6 104 111
14 45 65
24 16 32
31 0.5 109 107 103 98
2 104 104 82 102
6 128 . 106 - 87 69
14 44 53

24 10 26



TABLE VIII-

TOTAL PEPCENTAGE OF ISOTOPE REMAININC IN RESTRAINED AND NON-RESTRAIﬁED PATS AFTER
VARYING PERIODS OF CONTDNMUOUS ©0Co IRRADIATION OR SHAM-IRRADIATION

Hours 0 R/Day 50 R/Day. - 300 P/hay
Day Post-Adn, Rest, Non-Rest. Rest, Non-Rest, Nest, Non-Rest,
1 0.5 74 89 94 100
1 86 94 . 89 86
2 81 92 - 91 93
4 86 90 : 89 a7
6 96 - 92
8 96 03 | 91 90
3 0.5 86 86 91 97
1 77 86 94 97
2 84 85 | 98 92
4 80 92 103 98
6 84 105 | 102 85
8 84 93 91 88
6 0.5 87 88 _ 90 -89
1 84 80 » 91 20
2 83 85 99 87
4 75 83 ' 79 83
6 92 86 ' 96 86
8 93 69 , A 87 89
Q 0.5 86 72 90 82 89 94
1 85 77 84 87 100 100
2 86 82 90 85 103 100
4 72 84 84 95 98 101
6 82 - 85 78 95
8

91 94 ' 93 90



TABLE IX o

DISTRIBUTION IN THE GASTROINTESTINAL TRACT (AS % OF DOSE ADMINISTERED). OF RATS ON EACH
DIET AT TIME INTERVALS POST ISOTOPE ADMINISTRATION AFTER VARYING PERIODS OF
RESTRAINT OR NON-RESTPAINT

Hours Normal Diet Low~Fat Diet High~Fat Diet
Pays Post-~ Tissue
Rest. Admin., Segment Rest., Non-Rest, Pest, Non-lest. Rest, Non-Rest,

1 0.5 St. 39 40 10 41 32 86
S.1I.-1 36 14 14 8 9 6
5.1.-2 32 37 16 5 14 7
S.1.-3 - 22 48 25 35 6
S,I.-4 - - 2 . 19 9 -
Ce. - -~ - - - -
L.I.-1 - -- - -— - -
L.I1.-2 -- - - - - -

1 1 St. 10 65
S.T.-1 5 7
§.1.-2 5 2
S.1.-3 65 10
S.1.-4 2 28
Ce. - -
L.I.~-1 - -
L.I.-2 - -

1 2 St. 49 2 -7 38 23 65
S.1.-1 3 4 7 4 3 5
S.I.-2 7 3 4. 2 3 2
S.I1.-3 50 19 6 1 4 4
S.I1.-4 5 70 50 52 52 27
Ce. - C - 30 1 - 5
L.I,-1 - C - 7 - - -
L.I.~2 - - - - - .

1 4 St. 7 19 S 21
S.I.-1 4 4 5 4
$.1.-2 ‘ 2 2 2 2
S.I1.-3 1 2 - 4
S.1.-4 1 4 19 59
Ce. ~ 76 57 66 -
Lel.~1 -6 19 - -

L.II-Z - - - - - -



TABLE IX

(Continued)

Low-Fat Diet High-Fat Diet

Normal Diet

‘Hours
Post-

Tissue

Days
Rest.

Rest, Non-Pest. " Rest,

Non-Rest.

‘Rest,

Admin.

Non-Rest,

‘Segment

C NN G
o~ w

oo e (N 0O G0 \D
Ny e

P N OO
) 1 ~o g
i O e e e e DS
S~

— N —
[ t
. ® e » * =

LI e B e B o B o L o B e
b e e e e ) e @
a7 7o TR Vo TR 70 I SRR A

—_NM g OO
- ASy

MY o N e

11
12

St.

S.1,-1
S.1.~2
S.1.-3
S,1.-4
Ce.,

L.I.-1
Lol.=2

8

St.

14

SUI;-l

L}

wn

-

SQIQ"Z

S.1.-3

- -

S.1.-4
Ce.,

34

77

6

LnI"‘l

L.Io“'z

St.-

24

SQI"'I

S.Iu"z

S.I.-3

S‘uIc"4
Ce.

L‘I-"'l

L.I.-2



TABLE IX

{(Continued)
Hours ' Normal Diet Low-Fat Diet High-Fat Diet
Days Post- Tissue » v
Rest, Admin. Segnent Rest. Non-Rest, Rest, Non-Nest. ‘Rest. ‘Non-Rest.
2 0.5 St. 58 69
S.1.-1 9 6
S.1.-2 37 16
S.I.-3 11 1
-5.1.-4 - -
Ce. - -
L.I.-1 - --
L.I.,-2 - --
2 2 St. 20 13
Sel.~1 4 3
S.1.-2 7 3
S.1.-3 12 21
S.I.-4 12 58
Ce. : -~ 6
L.I.-1 - 1
L.I.-2 - -
2 6 St. 4 12
S.1.-1 1 1
S.1.-2 1 4
S.I.-3 4 4
S.1.-4 22 17
Ce. 74 64
L.I.-1 1 6
L.I.-2 - -
2 14 St. - -
S.1.-1 1 --
S.1.-2 - -
S.1.-3 - --
S.I.-4 2 --
Ce. 64 53
L.I.-1 9 12



TABLE IX .

(Continued)
Hours : Normal Diet Low-Fat Diet High-Fat Diet
~ Days Post-  Tissue
Rest., Admin, Sepgment Rest., Non~Rest, Rest. Non~Rest. Rest. Non-Rest.
2 24 St. -
S.1I,=-1 1
S.1.-2 -
S.1.-3 -—
S.I.-4 -
Ce, 24
L.I.-1. 2
L.I.~2 1
3 0.5 St. 63 57 72 66 54 . 87
S.I.-1 9 15 4 10 6 5
S.I.-2 14 18 3 16 . 5 1
5,1.-3 24 17 18 3 26 -
S.I.-4 - 4 8 3 6 --
Ce. ~ A -~ .- —~— - -
L.T.-1 - - -- - - -
L.I.-2 -- - o — — -
3 1 St. 28 64 35 38
S.I.-1 3 3 3 2
S.I.-2 4 7 5 1
5.1.-3 54 31 13 7
S.1.-4 18 3 37 9
Ce. - -- -- -
L.I,-1 - - - -
L.I.-2 -- -- - -
3 2 St. 21 19 29 39 53 54
S.1.-1 3 4 3 21 3 '3
S.I.-2 5 5 3 ‘ 2 -3 3
5.1.-3 21 40 7 3 5 12
’ S.1.-4 27 27 i5 8 36 31
- Ce, 23 8 28 27 - 1
L.I.-1 1 - 10 - - -

L.1.-2 T .- -~ - - - -



TABLE IX

(Continued)

High-Fat Diet

Low-Fat Diet

genet

Normal Dict

Hours

Post-  Tissue

Days
Rest,

Non-Pest,

Rest.

Non-Pest.

Rest.,

Non-Rest,

Tost.

Adnin.
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TABLE IX

(Continued)

Nornal Diet

'High-Fat Diet

Hours

Low-Fat Diet

Post~ Tissue-

Days
Rest,

Pest.

Non-Pest.

Pest.

Non-Rest.

Rest. Non~Rest,

Segnient

Adnin.

NN A O

St.

12

S.1.~-1
S$.1.-2
$.1,-3
S.1.-4
Ce.

L.I.-1
L.I.=2

26
>

St.
S.1.-1
S.1.-2
S.1,-3
S.I.-4
Ce,
“L.I,-1
L.I,~2

14

-- 11

- St.
S.1.-1
S.1.~2
S.I.-3
S.1I.-4
Ce.
Lele~1l
L.I.-2

24

60

4
13
31

St,
S.1.-1
S.I1.-2
S.1.-3
S.1.-4
Ce.

0.5

L.IQ"'I
L'Io"z



Mon-Test,

High-Tat Diet

Rest.

Mon-Rest.

Low-Fat Diet

TABLE 1IX
{(Continued)
Rest,
13

42
39

Mon-Rest.

Normal Diét

33

6
17
51

Rest.

Tissue
Segment
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St.
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Rest.
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TABLE IX

(Continued)
Hours Normal Diet Low-Fat Diet High-Fat DNiet
Days Post- Tissue S
Rest. Admin. Segment Rest. Non-Rest. . Rest, Nen-Rest, Rest, Nen-Rest.

5 0.5 St., . 39 57 57 89 35 19
S.1.-1 5 5 6 7 17 .16
S.I.-2 21 10 8 5 18 19°

S.T.-3 11 33 29 20 35 51

S.1.-4 - , 1 4 - 1 -

Ce. -- - -- - - -

L.T.-1 - - - - - -

L.1.-2 - - - - - -

5 1 St. 20 , 39 28 39 20 14
S.I.-1 3 4 6 4 7 4

S.I.-2 5 8 6 4 7 5

S.71.-3 10 49 - 20 42 16 26

S.I.-4 69 : 4 37 13 39 58

Ce. - - : - -— - 1

L.I.-1 - D - -- -— - -

. L.I.-2 - - - - - -

5 2 St. 51 28 31 29 22 1
S.I,-1 3 3 6 4 5 5

§.1.-2 9 6 7 4 4 5

S.I1.-3 35 22 7 ' 4 5 11

S.I.-4 4 44 22 56 64 70

Ce. -~ -— 26 7 10 1

L.I.-1 - -- 10 1 - -

L.I.,-2 -- - - - - --

5 4 St. 20 4 37 46 2 4
S.T.-1 3 3 3 2 6 4

S.1.-2 4 5 4 2 4 3

S.I.-3 6 ; 5 3 3 2 1

S.I.~4 10 9 3 4 52 7

Ce. 60 47 44 26 45 79

L.I.-1 -- 30 16 17 1 -

L.1.-2 -- - "1 - - -



High-Fat Diet
Non-Rest,

Rest.

Nen-Rest,

Low-Fat Diet

TABLE IX
Rest.

(Continued)

Non-Rest.

Normal Diet

Rest.

Tissue
Segment

" Hours
- Post~
Admin,

Days
Rest,
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TABLE IX v

(Continued)
Hours Normal Diet Low-Fat Diet High-Fat Diet
Days Post- Tissue , ‘ ;
Rest, Admin., Segment Rest, Non-Rest., Rest, Non-Rest, Rest, Non-Rest.
6 6 St. - - 18 ' 15 35
: S.1.-1 2 1 -4 3
5.1.-2 3 3 3 -
S.1.-3 4 9 3 2
S.1,-4 6 14 6 10
Ce. 65 51 : 31 46
L.T.~1 14 8 39 o
L.I.-2 - - o - 1
6 14 St. - 1
S,I.-1 1 1
S$.1.-2 3 1
S.1.-3 - 1
S,1.-4 - 4
Ce 41 48
L.1,-1 13 9
L.I.-2 1 13
6 24 St. 4 -
S.1.-1 1 1
S.1.-2 3 -
5.1.-3 1 -
S.I.-4 4 -
Ce. 22 26
L.1.-1 3 2
L.1.-2 6 2
9 0.5 St. 68 38 75 64 47 61
S.I.-1 24 11 5 3 7 5
S.1.-2 16 17 5 6 10 4
S.I1.-3 -— 38 14 27 40 15
S.1.-4 - 9 6 - 10 -
Ce. - - - -- - -
L.I,-1 -- - -- - - -
L.I.-2 - - - - - -



TABLE IX o 5

(Continued)
Hours Normal Diet Low-Fat Diet High-Fat Diet
Days Post- Tissue ~ -
Rest., Admin., Segnent Rest, Non-Rest, Rest, Non-Pest, Rest, tien-Pest.
9 2 St. 15 36 51 60 7 43
S.1.-1 4 3 - 1 2 7 5
S.I1.-2 5 ' 6 1 2 4 4
S.I1.-3 69 14 3 4 8 7
S.1.-4 - 20 8 13 75 48
Ce. - 35 13 22 -- 1
L.I.~1 -- 5 18 - S -
L.I,-2 - - - - - -—
9 6 St. 2 4 46 44 13 47
S.I.-1 2 2 1 2 - 3 3
S.1.-2 20 1 2 2 2 2
S.T1.-3 5 3 2 3 2 3
S.1.-4 7 7 3 5 1 3
Ce. 52 69 11 13 61 40
L.I.-1 11 16 6 6 19 2
LeI.-2 3 ~-- 4 11 -- -
9 14 St. - -
S.I.-1 1 1
S.1,-2 - -—
5.1.-3 - -
S.1.-4 - -
Ce. 45 44
L.1.-1 ) 7
L.I.-2 3 2
9 24 St. - --
S.I.-1 I -
S.1.-2 - -
S.1.-3 - -
S.1.-4 - -
Ce. 10 17
L.I.-1 - --
L.I

s"z - 6



TABLE IX o

(Continued)
Hours Normal Diet , Low-Fat Diet ~ High-Fat Diet
Days Post- Tissue : . _
Rest. Admin. ‘Segment Rest, Non-Rest, Rest, Non-Rest., ‘Rest, Non-Rest,
13 0.5 St. 45 77
S.I.~1 12 7
5.1.-2 52 15
5.1I.-3 8 1
S.1.~-4 - --
Ce. -- ' -
L.I.-1 -— -
L.I,-2 - --
13 2 St. 17 16
S.1.-1 2 6
S.I.-2 4 6
5.I.-3 13 41
S.1.-4 64 44
Ce. 2 ~-
L.I.-1 -- -
L.I.-2 - -
13 6. St. 7 14
S.,I.-1 2 1
S.I.-2 2 3
S.1.-3 3 4
S.I.-4 4 7
Ce. 85 67
L.I.-1 - 10
L.I.-2 - 2
13 14 St. ) - -
S.I.-1 1 1
S$.1.-2 1 -
S.I.-3 -- -—-
S.1.-4 -- 1
Ce. 49 49
L.I.-1 8 10



TABLE IX

(Continued)
Hours Normal Diet Low-Fat Diet High~Fat Diet
Days  Post- Tissue _ : ‘
-Rest, Admin., Segment  Rest. Non-Rest. Rest, Non-Rest. Rest, Non-Rest,
13 24 St. -- --
S5.1.-1 1 -
S5.1.-2 - -
5.1.-3 - --
S.1.-4 - -
Ce, 21 13
L.I.-1 5 5
L.I1,-2 - 2
18 0.5 St. 47 41 64 47 66 53
S.I.-1 17 19 5 6 4 5
S.1.-2 3 32 6 9 5 6
S.1.-3 37 2 24 37 23 29
S.1.-4 -- - 14 1 4 1
Ce. -- -— - -- - -
L.I.-1 - -— - - - -~
L.I.-2 -- -- - -- - --
18 2 St, 9 43 31 50 39 54
S,I.-1 4 20 2 4 3 4 -
S.1.-2 8 3 1 4 3 2
S.1.-3 49 29 4 8 39 5
S.I.-4 33 -— 6 36 11 37
Ce. - - 16 7 1 -
L.I.-1 - - - 8 -- -—-
L.I.-2 - - - - - -
18 6 St. o1 - 17 41 - 33
S5.1.-1 3 2 2 2 4 3
5.1.-2 1 1 2 2 1 3
$.1.-3 2 6 3 3 1 5
S.I.-4 5 11 8 2 4 4
Ce. .86 69 20 18 57 33
L.I.-1 1 14 15 6 20 13
L.I.-2 - - 28 - - --



TABLE IX

(Continued)
Hours Normal Diet Low-Fat Diet High~Fat Diet
Days  Post- Tissue ' .
Rest. Admin., Segment Rest., Non-Rest. Rest, Non-Rest, Rest, Non-Rest,
18 14 St. -- --
‘ S.I.-1 1 1
5.1.~2 1 -
S.I.-3 - -
S.1.-4 -- --
Ce. 47 49
L.I.-1 8 6
L.I.,-2 "~ 1 10
18 24 St. -- -~
' S.I.-1 -- 1
$.1.-2 - -
S.I.-3 - --
S.1.-4 - -
Ce. 6 10
L.T.-1 2 1
L.1.,-2 5 2
24 0.5 St. 60 88
S.1.-1 23 18
S.1.-2 25 3
S.1.-3 -- 1
S.1.-4 - --
Ce. - --
L.I.-1 -- --
L.I.-2 - --
24 2 St. 12 16
S.I.-1 4 4
S.I.-2 5 15
S.1.-3 57 36
S.1.-4 31 21
Ce. - --
L.I.-1 - -
L.I.-2 - -



TABLE IX !

- {Continued)
Hours : Normal Diet Low-Fat Diet High~Fat DNiet
Days Post- Tissue o 2 o
Rest, Admin, Segment  Rest, Non-Rest, Rest, Non-Nest, Rest, Non-Rest,
24 6 St, 1 8
S.1,-1 2 2
S.I1.-2 1 8
5.1.-3 2 7
S.1.-4 13 23
- Ce, - 70 54
L,I.-1 16 10
L,I.,-2 - -
24 14 St. - -
S.I.-1 1 -~
S.1.-2 - -
S.T.-3 - --
S.1,-4 - -
Ce. 37 33
L.1.-1 6 9
L.1I.-2 - 22
24 24 St, 4 --
S.1.-1 - 1
S.1.-2 1 -
$5.1.-3 1 --
S.I.-4 - -
Ce. 8 15
L.I.-1 2 8
L.I.-2 1 8
31 0.5 St. 67 64 76 63
: 5.1.-1 8 9 4 1
S.1.-2 31 22 4 19
S.1.-3 4 12 16 11
S.I.-4 -~ - 4 5
Ce. - - - -
L.I.-1 - - - -
L.I.-2 - -- - -



TABLE IX

(Continued)
Hours Normal Diet Low-Fat Diet High-¥Fat Diet

Days  Post- Tissue ' e
Rest. Admin. Sesment ~ Rest. Non-Rest, Pest, Nen-Rest., ~ Rest. Non-Rest,
31 2 St., 6 17 32 26

S.I.-1 4 5 2 2

S.T.-2 5 7 2 3

5.1,-3 49 70 3 5

S.I.-4 40 6 : 39 37

Ce. -- -- 4 29

L.T.-1 - - - -

L.I,-2 - - - -
31 6 St., - 7 44 26

5.1.-1 32 3 2 2

s.I1.-2 1 2 2 2

5.1.-3 1 2 4 2

S.I.-4 2 4 7 5

Ce, 68 55° 12 8

L.I.-1 23 20 13 23

L.I.-2 - 14 4 2
31 14 St. -- -

S.I.-1 1 1

S.1.-2 1 -

8.1,-3 - -

S.I.-4 - -

Ce. 34 40

L.T.-1 5 8 :

L.I.-2 2 6
31 24 St, - -

S.I.-1 - -

S.1.-2 - -

§.I.-3 - -

S.1.-4 - -

Ce. 8 22

L.I.-1 1 3



TABLE X !

DISTRIBUTION IN TiE GASTROINTESTINAL TRACT (AS % OF DOSE ADMINISTEPED AT TIME INTEPVALS
AFTER ISOTQPE ADMINISTRATION) IN RATS SUBJECTED TC VARYING PERIODS OF 60co IPRADIATION
OR SHAM-IRRADIATION AND RESTRAINT OR NON-RESTRAINT

Hours : 0 R/Day 50 R/Day 300 R/Day
Days  Post- Tissue
Rest., Admin, Segment Rest, Non-Rest. Rest.  Non-Rest, Rest. Non-Pest.
1 0.5 St. 1 1 7 1
S.1.-1 47 42 33 24
S.1.-2 24 43 54 : 69
5.1.-3 2 3 - 6
S.T.-4 -- -~ ' -- -
Ce. - - - -
L.I.-1 - - - -
L.I.-2 - - ’ e -
1 1 St. 3 11 3 3
S I.-1 10 12 26 19
S.T.-2 22 56 60 54
S.1.-3 51 17 - - 11
5.1.~-4 1 - -- -
Ce, - , - . -
L.I.-1 - - - -
L.1.-2 - - - -
1 2 St. 1 2 1 4
5.1.-1 7 9 5 7
5.1.-2 4 7 22 23
S,1.-3 69 66 61 59
S.1.-4 - 9 1 _—
Ce. - - - -
L.I.-1 - - - -
L.I.-2 - - — -
1 4 St. 5 1 - 1
S.I.-1 4 4 5 5
S.1.-2 2 1 2 3
S.1.-3 30 - 49 3 16
5.1.-4 44 35 79 42
Ce. -— -~ - 27
L.I.-1 -- -~ - 3
L.1.-2 - - - -
1 6 St. ~- 3
S§.1,-1 2 2
8$.1.-2 1 1
5.1.-3 2 1
S.1,-4 10 44
Ce. 80 4]
L.I,-1 - -



TABLE X

(Continued)
Hours ‘ 0 R/Day 50 R/Day 300 p/Day
Days  Post- Tissue . . 4 A
Rest. Admin. Semment Rest, Non~Rest, Rest, Non-Rest. ‘Rest, Mon-Rest,

1 8 St. . 8 5 - -
S.1.~1 2 3 3 4

S$.1.-2 2 1 1 2

8.1.-3 7 1 1 14

S.1.-4 55 2 72 70

Ce. 22 66 15 -

L.I.,-1 - 1 - -

L.I1.~2 - 15 -- -

3 0.5 St. 9 3 7 3
S.I.-1 48 17 29 42

S.I.-2 30 47 ) 55 52

S.T.-3 - 19 1 -

s.1.-4 - - -- -

Ce. - ' - - -

L.1I.-1 - - - -

L.1.-2 - - - -

3 1 St. 2 1 7 3
S.I,-1 3 9 13 - 15

S.I.-2 39 40 34 13

S.1.-3 - 37 41 - 40

S.1.-4 - - _— 26

Ce. - - : - -

L.I.-1 -- - - -

L.I.-2 - - - -

3 2 St. -- 2 7 10
S.1,-1 7 6 : ' 13 10

S.I.-2 49 5 : 13 , 3

S.1.-3 29 71 56 36

5.1.-4 - 2 9 33

Ce. ' -- C e e -

L.I.-1 - - ’ - - -
L.1.-2 - - . ' - ——

-3 4 St. - - : 14 6
S.I,-1 5 5 S - 10

S.I.-2 1 2 2 3

5.1.-3 61 53 - 21 27

S.I.-4 14 32 51 33

Ce. - - 11 19

L.I.-1 ~ - s - -

L.I.-2 S B ‘ - -



TABLE X 7

{Continued)
Hours 0 R/Day 50 R/Day 300 R/Day
Days Post- Tissuc

Rest. Admin, Segnment Rest, Non-Rest, Rest. Non-Rest. Rest. Mon-Rest,

3 6 St. 4 18 31 1

S.I.-1 3 5 6 2

S.I.-2 1 5 2 3

S.1.-3 6 6 _ 11 5

S.I1.-4 51 23 53 75

Ce., 20 42 ) . -

L.I.-1 - 5 -- -

L.i.-2 = - 1 - --

3 8 St. -~ 1 2 1

S.1,-1 2 : 3 2 2

S.I.-2 1 -- . 1 1

S.1.-3 36 1 4 1

S.I.-4 45 14 8 67

Ce. . — 58 71 15

L.1.-1 -- 17 5 1

wIe=2 - - — —

6 0.5 St. 3 10 26 59

S5.1.-1 72 67 38 14

S.1.-2 12 11 27 14

5.1.-3 - -- ) ‘ - 3

S.1.-4 - - - -

Ce. - - - --

L.I.-1 - - . - -

L.I.-2 - L. ’ - -

6 1 St. 4 2 32 1

S.1.-1 20 41 24 21

S.I.-2 54 36 23 23

S.I1.-3 5 - 13 41

S.I.-4 - - -- 5

Ce. - -- -~ -

L.I.-1 -- .- - -

L.I.-2 - . - - -

6 2 St. - 2 21 11

: S5, T.~1 4 11 ' 11 . 9

S.1.-2 15 5 <15 6

S,1.-3 65 68 . 37 35

S.1.-4 - - 16 - 28

Ce. - - . ‘ _ - -

L.I.-1 - -- : : - -

L.I.-2 - ) - - -



TABLE X

(Continued)

300 R/Day

50 R/Day

Hours

0 R/Day
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TABLE X

(Continued)

Hours 0 R/Day » 50 R/Day . 300 R/Day

Days Post- Tissue
Rest. Admin, Segnent Rest. Non~Rest. Rest. Non-Rest, Rest. Non~Rest.,

9 2 st, - 6 1 1 - 30 16
: S.I.-1 11 5 15 7 16 21
S.1.-2 52 6 2 7 21 8

S.I.-3 17 66 60 70 27 37

S.1.-4 - 5 12 - 11 19

Ce. -— - - - - -

L.I.-1 - - - - - -

L.I.-2 - - - - - -

9 4 St. 1 6 2 - 15 8
S.I.-1 4 10 16 6 19 7

S.I.-2 3 : 7 18 3 10 32

S.1.-3 64 5 47 58 22 28

S.I.-4 - 57 - 28 32 25

Ce. - - - - - _—

L.I.-1 -- - - - -- -

L.1.-2 - - - - - -

9 6 St. 1 - 5 2
S.I.-1 5 2 14 9

S.I.-2 1 1 6 8

S.1.-3 14 4 13 26

S.I.-4 53 10 40 50

Ce. 8 66 - -

L.I.-1 -- 1 . -

L.I.-2 - 2 - -

9 8 St. 5 1 - 3
S.I.-1 1 2 3 2

S.I.-2 - - 2 3

S.I.-3 1 1 2 23

S.I.-4 1 3 11 42

Ce. 54 46 33 14

L.I.-1 4 39 31 2



BACTERIAL COUNTS AFTER INDICATED DAYS OF RESTRAINT OR

TABLE XI

Intestinal

Days Segment Restraint
Normal Diet 7 Jejunun 16600
Ileum 100800
21 Jejunum 24500
' Ileum 289000
High-Fat 21 Jejunum 20100(?)
Ileum 1750000

€

NON-RESTRAINT

Non-Restraint

20000
380000

13700
333000

454
260000

(2) One restrained rat had a high jejunal count; hence, the difference
between restrained and non-restrained rats on this diet.
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FIGURE 2
" Mean Percentage Difference Between Restrained and Non-
Restrained Rats on a Normal, Low Fat or High Fat Diet
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FIGURE 4
Mean Percentage Difference Between Restrained and Non-
Restrained Rats Exposed to OR/Day, 50 R/Day or 300 R/Day
Co Irradiation



